The homologue of the Drosophila melanogaster mobile element gypsy was cloned from the distantly related species D. virilis. It has three ORFs highly homologous to those of the element from D. melanogaster. gypsy from D. virilis appears to be actively transcribed and is capable of transposition. Comparison of the untranslated regions of both elements revealed conserved sequences including those which had previously been demonstrated to be important in transcription regulation. Distribution of gypsy among the different strains of D. virilis and different species within the D. virilis group was analyzed. Possible involvement of horizontal transmission in the process of spreading and evolution of gypsy is discussed.
INTRODUCTION
The mobile element gypsy was originally cloned from D. melanogaster (1) . It belongs to the LTR-containing class of the retroelements (2) and is responsible for a number of mutations described in D. melanogaster (3) . gypsy appears to be the best studied LTR-containing mobile element in Drosophila. Its structure (4) and regulation of transcription (5) have been investigated in great detail as well as the phenomenon of suppression of its mutations (5, 6) and transposition memory (7) . The distribution of gypsy within the Drosophila genus has also been investigated previously (8) . It was found by Southern hybridizations with the entire gypsy DNA as a probe that genomes of some species-D. virilis, D. busckii, D. pinicola and few others-have some homologies with the D. melanogaster element. However, the extent of the homologies and the relatedness of these sequences to gypsy were unclear.
In this paper we report cloning and sequencing of gypsy homologues from D. virilis. The analysis of the nucleotide and putative amino acid sequences has shown that D. virilis indeed possesses highly homologous mobile element which is capable of transposition and is actively transcribed. This element is widely distributed within different strains of D. virilis and other species of the same group. We speculate that the existence of the highly homologous gypsy in distant species might be a result of the horizontal transmissions of this element.
MATERIALS AND METHODS

Drosophila strains
Drosophila strains were obtained from Bowling Green (Ohio) stock center except for strain '9', which was isolated by Dr. M.Evgen'ev in a vineyard in Batumi, USSR. The cell culture of D. virilis was a gift from Dr. I.Schneider.
RESULTS
Structure of gypsy from D. virilis and its similarity to gypsy from D. melanogaster
The D. virilis genomic library was screened with the probes derived from regions corresponding to the first and the third ORFs and LTR of gypsy from D. melanogaster. Two clones containing presumably full-length copies were picked for subcloning and sequencing. The nucleotide sequence of one of the clones was determined completely. Only the untranslated regions of the other clone were sequenced. No differences were found between the two copies in the sequenced regions. The nucleotide and putative amino acid sequences of gypsy from D. virilis are presented in Fig. 1A . This element consists of 7156 bp and contains two 411 bp long LTRs. In the central part of the element we have found three ORFs whose sizes, sequences and locations correspond to those of the D. melanogaster element (Fig. IB) . The very high homology between amino acid sequences of the corresponding ORFs from both species (see Fig.  IB ) did not permit to define any conservative motifs in addition to those found earlier (4) . In contrast, comparison of the untranslated regions revealed distinct conservative sequences.
Comparison of the sequences of the gypsy LTRs ( Fig. 2A ) disclosed two long conservative domains in the 5' part of the LTR and also a short conserved sequence 18 nucleotides upstream of the site of the transcription initiation. Sites of transcription initiation and termination were determined previously for the D. melanogaster element (12) . It was also noted that the sites of initiation of the several LTR-containing mobile elements are located within or immediately after the sequence TCAGTPy {gypsy RNA begins at A and G in this sequence). We did not Analysis of the region located between 5' LTR and ORF1 revealed conservation of the sequence that was shown earlier to act as an enhancer of D. melanogaster gypsy (5) and to bind the product of the suppressor gene su(Hw) (5, 6) . In gypsy from both species, this domain is comprised of the motif 5'PyPu T / c TGCATA c / T PyPy which is repeated 12 times (8 in some copies of D. melanogaster gypsy, see ref. 5). It seems very likely that this region acts also as an enhancer in D. virilis and binds a product of the same gene, su(Hw). A poly(A) block is also present in both species upstream of the enhancer. The conservation suggests that it is functional; perhaps it imparts some flexibility to the DNA necessary for the functioning of the enhancer. The sequence between the poly(A) block and the enhancer, which provides negative regulation of transcription in gypsy from D. melanogaster and probably interacts with the product of the su(f) gene (5) (Fig. 3) . The results of this experiment show that gypsy is actively transcribed in at least adult D. virilis flies. This implies that gypsy from D. virilis possesses all sequences essential for its transcription.
Distribution of gypsy in the D. virilis strains and in other species of the D. virilis species group
We analyzed the distribution of gypsy within different strains of D. virilis from various geographical regions. Southern hybridization of genomic DNAs from these strains with a DNA probe from D. virilis gypsy showed that this element is present in approximately the same numbers of copies in all the strains and the cultured cells tested. (Fig. 4) . The experiment was designed such that elements from different chromosomal locations should give different bands on the autoradiograph (see legend for 
DISCUSSION
We have cloned and sequenced homologues of D. melanogaster (subgenus Sophophora) gypsy from D. virilis, the species which belongs to the other subgenus, namely Drosophila. Comparison of the nucleotide sequences of the elements from both species shows that they are highly homologous and that certain domains (both upstream and downstream of the initiation site) some of which were proven earlier to be involved in the transcriptional regulation of gypsy in D. melanogaster are present in the new element.The gypsy family of mobile elements is broadly distributed in D. virilis and its relatives where it appears to be active in terms of transcription and transpositional capability (Fig.  3,4) . This is so far the first example of the active homologue of the D. melanogaster mobile element in the different subgenus of the genus Drosophila.
The finding of the intermediates of the reverse transcription of gypsy and other LTR-containing mobile elements has shown that the step of the reverse transcription is included in its cycle of replication (12) . The reverse transcription by the enzymes from different sources is highly inaccurate (see ref. 14 and refs. within) . Thus, it is assumed that an active mobile element evolves much more rapidly than the 'usual' gene. This point of view is supported by sequence comparisons of the different groups of mobile elements (15) . Although the elements of the 'gypsy group' are among the slowly diverging elements, it was found that the rate of divergency of their most conserved enzyme reverse transcriptase is significantly higher than that of the 'usual' genes.
The percent of the identity of the amino acid sequences of different genes cloned from D. melanogaster and D. virilis vary from 60% to more than 80% (16) (17) (18) (19) (20) (21) (22) (23) . Our finding of the active gypsy element in D. virilis with the degree of amino acid identity comparable to that of the 'usual' genes suggests that this element may have appeared in this species by horizontal transmission and has not yet changed significantly according to the predicted rate of divergence for an active element.
Recently we obtained evidence for the horizontal transmission of another Drosophila retroposon jockey (24) between distant Drosophila species (25) . This is also shown to be the case for the P-element (26) which is apparently not a retrotransposon (for rev. see ref. 27 ). In both cases direct evidence was obtained due to the absence of these mobile elements in related species along with its presence in more distant species. Our search for the homologues of gypsy in the other species of D. virilis group revealed its presence in these species (Fig.4) ; this does not allow to prove directly the fact of the transmission of gypsy into D. virilis. At the same time this does not exclude the possibility of the horizontal transmission but rather shows that it might have occurred before the irradiation of the D. virilis species group. Previous studies (8) indicate that homologous to gypsy sequences (as determined by Southern hybridizations) are present in higher number of species than P-element (26) and jockey (25) within the genus Drosophila. Authors argue that the observed patchy distribution of gypsy might be the result of the multiple transmissions of this element between different species. If so, it should not be surprising that LTR-containing mobile elements which are remarkably similar in structure to retroviruses would have the ability to transmit between different species more frequently than other mobile elements for which this ability has already been proven.
